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[57] ABSTRACT 

An infrared detecting arrangement includes an infrared 
detecting element having a heat insulating film and an 
infrared detector which are disposed between an inte- 
rior space of a hermetically sealed casing for the ele- 
ment and a cavity formed within a substrate of the ele- 
ment and communicating through a ventilator with the 
interior space. 
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INFRARED DETECTING DEVICE AND 
INFRARED DETECTING ELEMENT FOR USE IN 
THE DEVICE 

5 

BACKGROUND OF THE INVENTION 

This invention relates to an infrared detecting ar- 
rangement and, more particularly, to an infrared detect- 
ing device and an infrared detecting element for use in 
the device. 

DESCRIPTION OF RELATED ART 

In conventional infrared detecting arrangements em- 
ploying a thermal type infrared detecting element hav- 
ing a diaphragm structure, measures for improving the 
sensitivity of the infrared detecting element by attaining 
a vacuum in the interior of hermetically sealed casing or 
charging a thermally low conducting gas in the casing 
have been suggested. Further, the infrared detecting 
element of this kind is provided by an infrared detecting 20 
element on a substrate having a cavity and disposing an 
infrared detector on this infrared detecting element, so 
as to more improve the sensitivity to infrared light. For 
the infrared detector disposed on this element, a therm- 
istor which varies electric resistance in response to 
variation in temperature has been used, and a practical 
example is an amorphous semiconductor (silicon) film. 

As a prior art reference disclosing the infrared detect- 
ing arrangement, Japanese Utility Model Laid-Open 
Publication No. 3-78222. may be mentioned, and practi- 30 
cal detecting elements have been disclosed in, for exam- 
ple, Japanese Patent Laid-Open Publications Nos. 
58-170001, 61-30730 and 4-215022. 

In order to attain an excellent detection sensitivity 
with these infrared detecting arrangements, it is desired 35 
to attain vacuum or to charge the thermally low con- 
ducting gas also in the cavity or hollow space made in 
the substrate in similar manner to the interior space of 
the hermetically sealed casing. Further, in exhausting 
the gas in the interior of the hermetically sealed casing, 40 
it is also desired to prevent the infrared detecting ele- 
ment and eventually the infrared detector on the film 
from being damaged by an excessive pressure difference 
between the interior space of the casing and the cavity 
included in the infrared detecting element since the film 45 
and detector are disposed between this space and cav- 
ity. 

SUMMARY OF THE INVENTION 

A primary object of the present invention is, there- 50 
fore, to provide an infrared detecting device and an 
infrared detecting element employed in this device, 
which can at least reduce, but remarkably, the pressure 
difference between the interior space of the hermeti- 
cally sealed casing of the device and the cavity formed 55 
in the substrate of the infrared detectmg element, and 
thus can substantially eliminate any damaging stress 
applied to the heat insulating film and the infrared de- 
tector by the pressure difference. 

According to the present invention, this object of the 60 
invention can be realized by an infrared detecting ar- 
rangement in which an infrared detecting element com- 
prises a substrate defining therein a cavity, a heat insula- 
tion film provided on the substrate, and an infrared 
detector provided on the heat insulation film, and the 65 
thermally infrared absorbing film and infrared detector 
are disposed to be between an interior space of a her- 
metically sealed casing for accommodating therein the 
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infrared detecting element and the cavity of the sub- 
strate, characterized in that the arrangement further 
includes means for communicating the cavity defined in 
the substrate of the infrared detecting element with the 
interior space of the hermetically sealed casing. 

According to the above infrared detecting arrange- 
ment, sensitivity to infrared light which has been apt to 
be deteriorated in the conventional arrangement of the 
similar type for detecting infrared light can be ex- 
tremely improved, as will be readily appreciated. 

Other objects and advantages of the present invention 
shall become clear as the description of the invention 
detailed with reference to accompanying drawings in 
the followings advances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic explanatory view of a infrared » 
detecting device according to the present invention; 

FIG. 2 is a schematic side view of the infrared detect- 
ing element in the device of FIG. 1; 

FIG. 3 is a schematic plan view of the element of 
FIG. 2; 

FIGS. 4 to 7 are graphic diagrams of varying rela- 
tionship between gas exhaust time and pressure differ- 
ence with the conductance of the communicating means 
varied in the device shown in FIG. 1; 

FIGS. 8 to 10 show in schematic side views of other 
embodiments of the device according to the present 
invention; 

FIGS. 11 and 12 are explanatory views for an aspect 
of a manner in which the infrared detecting element in 
the device of FIG. 1 is prepared; 

FIGS. 13 and 14 are explanatory views for another 
aspect of the manner in which the infrared detecting 
element in the device of FIG. 1 is prepared; 

FIGS. 15 and 16 are explanatory views for still an- 
other aspect of the manner in which the infrared detect- 
ing element in the device of FIG, 1 is prepared; 

FIG. 17 shows in a sectioned view an embodiment of 
the infrared detecting element employable in the device 
shown in FIG. 1; 

FIG. 18 is a plan view of the infrared detecting ele- 
ment shown in FIG. 17; 

FIG. 19 is a diagram showing the relationship be- 
tween the mol fraction of nitrogen and the residual 
stress in respect of silicon oxynitride for forming the 
infrared absorbing Him in the infrared detecting element 
of FIG. 18; 

FIG. 20 is a diagram showing the infrared transmit- 
tance of the infrared absorbing film in different compo- 
sitions, relative to the infrared detecting element of 
FIG. 18; 

FIGS. 21 to 26 shown in sectioned views respective 
further embodiments of the infrared detecting element 
according to the present invention; 

FIG. 27 is a perspective view showing with part 
omitted the infrared detecting element in the embodi- 
ment of FIG. 26; 

FIG. 28 is a diagram showing graphically the rela- 
tionship between the gas composition ratio and the 
carbon concentration in silicon carbide employed in 
preparing the infrared detecting element of FIG. 26; 

FIG. 29 is a band diagram of a semiconductor with a 
single element and doped with boron to be p-type, the 
semiconductor being employed in forming the infrared 
detecting element of FIG. 26; 
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FIG. 30 is a band diagram of an a]loy semiconductor 
subjected to a relatively high concentration doping and 
employed in forming the element of FIG. 26; 

FIG. 31 is a diagram showing general doping charac- 
teristics of amorphous silicon, in electric conductivity 5 
characteristic curves of the film with respect to the 
doping level; 

FIG. 32 is a diagram showing general doping charac- 
teristics of amorphous silicon, in activated energy char- 
acteristic curves of the film with respect to the doping 10 
level; 

FIG. 33 is a characteristic diagram of a thermistor of 
an alloy semiconductor film employable in the infrared 
detecting element accordmg to the present invention, 
showing variation in the film resistance and thermistor iS 
constant in an event where CH4 concentration is varied 
in manufacturing the thermistor; 

FIG. 34 is a general band diagram of a Cr fUm em- 
ployable as a metallic electrode in the infrared detecting 
element of the present invention, in contrast to amor- 20 
phous silicon (a-Si) film and amorphous silicon carbide 
(a-SiC) film; 

FIG. 35 is a band diagram of a metallic electrode 
employable in the element according to the present 
invention, in which Cr film, a-Si film and a-SiC film are 25 
connected to each other; 

FIG. 36 is a band diagram of a semiconductor thin 
film thermistor having buffer layers, employable in the 
infrared detecting element of the present invention; 

FIG. 37 is a band diagram of another semiconductor 30 
thin film thermistor having a buffer layer, employable in 
the element according to the present invention; 

FIG. 38 is a temperature characteristic diagram of the 
semiconductor thin film thermistor employed in the 
element according to the present invention, shown in 35 
contrast to that of known thermistor; 

FIG. 39 is an equivalent drcuit to the electrode of 
FIG. 35; 

FIG. 40 is a band diagram of the Cr electrode, n-type 
amorphous silicon thin film (of single element semicon- 40 
ductor) and p-type amorphous silicon carbide thin film 
(of amorphous alloy semiconductor) respectively from 
vacuum level; 

FIG. 41 is a band diagram in the case where the Cr 
electrode, n-type amorphous silicon thin film and p-type 45 
amorphous silicon carbide thin film are brought into 
mutual contact, as employed in the infrared detecting 
element according to tiie present invention; 

FIG. 42 is a current-to-voltage (I-V) characteristic 
diagram of the element in the embodiment of FIG. 24; 50 

FIG. 43 is an I-V characteristic diagram of the ele- 
ment in an event where the alloy semiconductor thin 
film and single element semiconductor thin film are 
made to be the same conductivity type; 

FIG. 44 is an I-V characteristic diagram of the ele- 55 
ment in the embodiment of FIG. 25; 

FIG. 45 is an I-V characteristic diagram of the ele- 
ment in another aspect of the embodiment shown in 
FIG. 25; 

FIG. 46 shows in a sectioned view the infrared de- 60 
tecting element in another embodiment employable in 
the device of FIG. 1; 

FIGS. 47 to 49 are explanatory views for other em- 
bodiments of the infrared detecting element employable 
in the device of FIG. 1; 65 

FIG. 50 shows in a plan view still another embodi- 
ment of the infrared detecting element employable in 
the device of FIG. 1; 



FIG. 51 is a sectioned view of the element of FIG. 50; 

FIGS. 52 to 54 show in plan views further embodi- 
ments of the infrared detecting element employable in 
the device of FIG. 1; 

FIG. 55 is a diagram showing the relationship be- 
tween the heating time and the thermistor resistance 
value in the embodiments of FIGS. 52 to 54; 

FIG. 56 is a diagram showing the relationship be- 
tween the split number of infrared absorbing film and 
the internal stress and between the split number and the 
slit area in the respective embodiments of the infrared 
detecting element shown in FIGS. 52 to 54; 

FIG. 57 shows in a plan view another embodiment of 
the infrared detecting element employable in the device 
ofHG. 1; 

FIG. 58 is a sectioned view of the element of FIG. 57; 

FIG. 59 shows in a plan view another embodiment of 
the infrared detecting element employable in the device 
of FIG. 1; 

FIG. 60 shows in a sectioned view another embodi- 
ment of the infrared detecting element employable in 
the device of FIG. 1; 

FIG. 61 is a perspective view of the element shown in 
FIG. 60; 

FIG. 62 is a circuit diagram equivalent to the element 
of FIG. 60; 

FIG. 63 shows in a schematic view a state in which 
the element of FIG. 60 is assembled into the infrared 
detecting device; and 

FIG. 64 shows in a sectioned view still another em- 
bodiment of the infrared detecting element employable 
in the device of FIG. 1. 

The present invention shall now be described in de- 
tails with reference to the respective embodiments 
shown in the accompanying drawings, but it should 
appreciated that the intention is not to limit the present 
invention only to these embodiments shown but rather 
to include all alterations, modifications and equivalent 
arrangements; possible within the scope of appended 
claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIGS. 1 to 3, there is shown an embodi- 
ment of an infixed detecting device according to the 
present invention, in which the device includes an infra- 
red detecting element 10 which comprises a substrate 12 
having a cavity 11 defined therein, a heat insulation film 
13 provided on the substrate 12 to cover the cavity 11, 
and an infrared detector 14 disposed on the heat insula- 
tion film 13. The substrate 12 is disposed preferably on 
a base plate 15 formed to have a peripheral stepped part, 
and a cap 16 is fitted over the base plate 15, while FIG. 

I shows them as separated. The cap 16 is joined to the 
peripheral stepped part of the base plate 15 by means of 
an electric welding or the like, to form a hermetically 
sealed casing. The infrared detecting device of the pres- 
ent invention is constituted in the following manner. 
The infrared detecting element 10 is accommodated 
within a hermetically sealed chamber 18 defining 
therein an interior space 17 attained the vacuum or 
charged with other gas of a low thermal conductivity 
than air. Here, the infrared detector 14 on the heat 
insulation film 13 is positioned to be between the cavity 

II formed in the substrate 12 and the interior space 17 
defined in the chamber 18. 

Further, the base plate 15 is formed to have a ventila- . 
tor 19 in the form of a hole or groove made in the base 
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plate 15, so that the cavity 11 in the substrate 12 can nor space 17 at the time when the ventilator conduc- 
communicate with the interior space 17 of the chamber tance C is 10-^ cmVS, 10-5 cmVS, IQ-"^ cmVS and 

18 through the ventilator 19. In this case, the ventilator IQ-^ cm/S, respectively, as shown in FIGS. 4 to 7, in 

19 as the communicating means may be provided alter- view of which the gas exhaust is made possible under 
natively in a spacer disposed between the substrate 12 5 the pressure difference of PI and P2 below 300 Torr, 
and the base plate 15. Then, the cap 16 is joined to the when C is 10- ^ cm VS. 

base plate 15 to form the casing within the hermetically On the other hand, required size of the ventilator 19 
sealed chamber 1«, so that the infrared detecting ele- for attaining the optimum conductance C will be deter- 
ment 10 will be sealed in the hermetical casing having mined as in the followings. That is, the viscous fluidity 
the same atmosphere as the interior space of the cham- lo of a circular conduit in general is to be assumed as in the 

followings. 

Assuming here that the gas inside the chamber 18 is to 
be exhausted at a flow rate QO and at an exhaust speed Z7«sZ..c/i82p 
SO in vacuum series, that the cavity 11 of the substrate 

12 is of a volume VI and a pressure PI while the interior 15 Here, D is a diameter of the circular conduit, L is the 
space 17 of the sealed chamber 18 is of a volume V2 and length of the conduit, p is an average pressure of pres- 
a pressure P2, and that the ventilator 19 between the gures at inlet and outlet ports of the conduit, and the 
cavity 11 and the interior space 17 is of a conductance conduit will have a sectional area of about 100 /xm^ 
C, a gas flow rate Ql and an exhaust speed S, then there ^^e^ C= lO-^cmVS, L=0.05 cm and p=380 Torr. In 
is satisfied between them such relationship as follows: 20 designing the ventilator 19, therefore, it is desirable that 
SFi=Qi aP2-Fi)=oi *® ventilator is provided with a sectional area larger 

than this sectional area of the conduit. 
Further, variation in the pressure P2 inside the chamber ^he ventilator 19 as the communicating means; be- 
18 will be as follows: tween the cavity 11 and the mtenor space 17 may be 

formed also in either one of such manners as shoMoi in 
W(<ira/<//)=-50-«+ei FIGS, 8 and 9, in the former of which the ventilator 

19A is a groove made in bottom face of the substrate 
Provided that, normally, V2> > VI and Ql is negligi- 12A abutting on the base plate 15A, and in the latter of 
bly small with respect to SO and P2, then which the ventilator 19B comprises holes made through 

the heat insulation film 13B. Further, it is another effec- 
V2{dn/dt)^ ~S0'P2 tive measure to provide, between the substrate 12C and 

the base plate 15C, a spacer 20C having a groove or 
whereby, here initial pressure of interior space 17:P^ h^ig the ventilator as shown in FIG. 10, in which 

event the spacer 20C should advantageously be pro- 
vided on the bottom face of the substrate 12C. 
On the other hand, variation in the pressure PI in the embodiments shown in FIGS. 8 to 10, all 

cavity 11 will be as foUows: constituent which are the same as those in the 

embodiment of FIGS. 1 to 3 are denoted by the same 
n{dPi/dt)= -SPi 40 reference numerals as those given in FIGS. 1 to 3 but 

with a suffix "A", "B" or "C" added, and they are 
Because, as in the above, S-Pl— Ql and arranged substantially in the same manner except for 
C(P2— P1)=Q1, the above respects, to achieve the same function. 

In FIGS. 11 and 12, there is shown one of working 
mdPi/dt)^CiP2-'Pi) aspects for preparing the infrared detecting element, 

which should preferably be carried out in such steps as 
and hence, described in the followings. That is, an adhesive is ap- 

plied to a surface of the base plate 15D, the infrared 
n»«+(fl)-«)exp(-Q/(a) detecting element lOD is mounted onto the surface of 

in this expression coefficient(P()>-P2) is fixed as initial 50 the base plate 15D, and they are heat-treated. The infra- 
pressure in the cavity U equal P*. Consequently, the ^^^^^g ^^l^"^^'^^ lOD comprises the substrate 
conductance C of the ventilator 19 is so set that PI and Jl?^^ ^"^'^ "^V^ ^fA "^Jl \ 1 
P2 will be equal to each other. At this time, a tolerance film 12D^. provided to cover the cavity IID. The heat 
limit of the pressure difFerence is determined by the insulation film UJ^b is formed with a thermaUy mfrared 
pressure resisting break strength of the heat insulation 55 absorbing in similar manner to the foregoing embodi- 
Jyjjj 13 ments. Then, such infrared detector as the thermistor is 
Referring more specifically to the above with refer- provided to be above the heat insulation film 12Di7, for 
ence to a practical example, it is assumed here that the detecting the infrared by utilizing a phenomenon that 
infrared detecting element 10 and a vacuumizing ex- the resistance value is caused to vary by ambient tem- 
haust system satisfying the conditions of S0= 10 cmVS, 60 perature variation. Preferably, as shown in FIG. 11, the 
Vl= 10-5 cm^ and V2= 10 cm^ are furnished, and the infrared detector 14D is divided into four sections re- 
to heat insulation film 13 of the element 10 is formed by spectively disposed on the thinner parts 12D6 of the 
a silicon oxide film or a multi-layered film of a silicon silicon substrate, which are subjected to mutual bridge 
oxide fihn and silicon nitride film and 1 /im thick, and connection for the infrared detection, 
this film is to be broken at the pressure difference of 65 The grooves 19D are formed as the ventilating means 
about 300 Torr. In this system, there is established such in part of the substrate 12Da having the cavity IID. 
relationship of the gas exhaust time to the pressure dif- The grooves 19D can be readDy provided by means of 
ference between PI of the cavity 11 and P2 of the inte- an anisotropic etching with an aqueous solution of po- 
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tassium hydroxide, a cutting with a dicing saw or the 
like, an electro arc machining or the like. It will be 
advantageous to form the grooves by such means car- 
ried out preliminarily with respect to the material sub- 
strate or wafer for forming the chips. 

The communicating means can be formed, as shown 
in FIGS. 13 and 14, in the form of a ventilating hole 19E 
penetrating through the substrate 12Ea having the cav- 
ity HE and the thermally infrared absorbing film 12£^, 
with bottom edge portion of this hole 19E expanded to 
be contiguous to the cavities HE disposed below the 
respective infrared detector sections 14£ in the iUus- 
trated case. The ventilating hole 19E can be attained by 
means of the anisotropic etching, cutting, arc machining 
or the like carried out simultajieously with the forma- 
tion of the cavity HE. In another embodiment shown in 
FIGS. 15 and 16, it is possible to provide a ventilating 
gap 19F between the base plate 15F and the substrate 
12F having the cavity IIF by means of an interposition 
member 19F disposed between the substrate 12F and 20 
the base plate 15F. 

In the respective embodiments of FIGS. 11 and 12, 
FIGS. 13 and 14 and FIGS. 15 and 16, the same constit- 
uents as those in the foregoing embodiment of FIGS. 1 
to 3 are denoted by the same reference numerals as 25 
those used in FIGS. 1 to 3 but with a suffix "D", "E" or 
"F" added thereto, and are arranged substantially in the 
same manner as in FIGS. 1 to 3 except for the above 
respects, to attain the same function. 

Referring to FIGS. 17 and 18, there is shown still 30 
another embodiment according to the present inven- 
tion, in which in particular any distortion or damage of 
the heat insulation film can be reliably prevented from 
occurring. In the present instance, the cavity IIG sub- 
stantially of a square shape is formed in the central part 35 
of the substrate 12G, and the heat insulation film 13G 
covering the cavity IIG is formed with a silicon oxide 
film or a multi-layered film of silicon oxide film and 
silicon nitride film, which so functions as not to cause 
any large internal stress. Preferably the infrared detec- 40 
tor 14G is to be formed by a thermistor made of an 
amorphous silicon. In this case, electrodes 14Gff of 
chromium Cr or the like are provided to both upper and 
lower surfaces of the infrared detector 14G, which 
electrodes are diagonally outward extended and are 45 
provided at their extended ends respectively with con- 
necting pads 14Gd. Further, the top of the infrared 
detector 14G, that is, the upper side dectrode 14Ga on 
the detector 14G is covered with an infrared absorbing 
film 14Gc The covering infrared absortnng film 14Gc is 50 
formed by »licon oxynitride, which so Amotions as not 
to cause any large internal stress and is so high in the 
infrared absorptivity that the infrared irradiated on the 
detector 14G can be absorbed at a lugh efficiency* 

With the above arrangement of holding the amor- 
phous silicon thermistor forming the infrared detector 
14G between the electrodes l4Ga, the infrared detector 
14G is rendered to be easily controllable in the resis- 
tance value, any fiuctuation between the thermistors 
can be restrained, and any noise can be reduced. 

In preparing the above infrared detecting element 
lOG, the heat insulation film 13G is initially formed on 
one surface of the silicon substrate 12G with a silicon 
oxide film or a multilayered film of silicon^ oxide film 
and silicon nitride film, either being 5,000 A thick, by 
means of Low Pressure CVD(LP-CVD). In order to 
reduce the internal stress of this heat insulation film 
13G, it is preferable to adopt a multilayered structure of 



55 



60 



65 



holding the silicon oxide film of 5,000 A thick between 
both upper and lower silicon nitride films of 500 A 
thick, i.e., a sandwich structure of the films. 

Next, a film of chronium Cr of a thickness of 500 A is 
formed on the heat insulation film 13G by means of an 
electron beam evaporation, with the substrate 12G 
heated to be 200" C, and the electrode 14Gfl on the 
lower side of the infrared detector 14G is formed 
through a patterning with a photolithography. The 
electrode 14Gfl is shaped in its central part to be square 
of 1.9x1.9 mm and provided with one of the thin out- 
ward extensions. For chromium employed, it is possible 
to employ nickel chromium in place of chromium. 

Then, a p-type a-SiC film of a thickness 1 p-m is 
formed on the lower side electrode through the glow 
exhaust decomposition, and the infrared detector 14G 
consisting of the thermistor is formed into a square of 
2x2 mm through the patterning of photolithography 
made with respect to the a-SiC film formed. The fihn 
forming conditions in this case are the use of hydrogen 
diluted monosOane with 400 mol % methane and 0.25 
mol % diborane added, the substrate 12G heated to be 
180* C, gas pressure of 0.9 Torr, frequency of 13.56 
MHz and exhausting jwwer of 20 W. On this infrared 
detector formed, a film of chromium is formed to be 500 
A thick by means of the electron beam evaporation with 
the substrate 12G heated to be 200* C, and the fihn is 
made into the upper side electrode 14Ga through the 
patterning into a predetermined shape by means of the 
photolithography. While the shape of the upper side 
electrode is made the same as the lower side electrode, 
the thin outward extension of this upper side electrode . 
is made to be in different direction from the foregoing 
extension of the lower side electrode. 

Further, a silicon oxynitride layer of 1 ^m is formed 
on the upper side electrode by means of the glow ex- 
haust decomposition, the layer is patterned into a square 
shape of 2x2 mm through the photolithography, and 
the infrared absorbing film 14Gc is thereby formed, 
upon which the film forming conditions are the use of 
mixture gas of monosUane and dinitrogen monoxide, 
with a ratio of monosilane and dinitrogen monoxide 
made to be 2:35, substrate temperature of 200** C, gas 
pressure of 1 Torr, frequency of 13.56 MHz and exhaust 
power of 30 W. Alunimium film is formed on the ex- 
tended ends of the outward extensions of the electrodes 
lAGa by means of the electron beam evaporation, the 
film is then patterned and the pads 14Gb are provided 
on the extended ends. 

After the formation of the heat insulation film 13G, 
infrared detector 14G and electrodes 14Ga on the sub- 
strate 12G, the cavity llO is formed in the substrate 
12C on the side opposite to that having the infrared 
detector 14G, by means of the anisotropic etching car- 
ried out with potassium hydroxide. In respect of the 
infrared detecting element lOG thus prepared, there has 
occurred no distortion nor breakage in the thermally 
infrared absorbing film, and a high detecting sensitivity 
has been shown. Further, the layer of silicon oxynitride 
obtained as in the above description has shown a nitro- 
gen molar fraction of 40% with the residual stress made 
substantially zero, and also has shown such an excellent 
infrared absorptivity coefficient as being 80% with 
respect to the infrared of the wavelength nearby 8 to 12 

Further, as shown in FIG. 19, the residual stress of 
various silicon oxynitride films different in the nitrogen 
molar fraction has been measured. The infrared absorp- 
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tivity coefficient also of various silicon oxynitride films Jn another embodiment shown in FIG. 24, the detec- 

made different in the nitrogen content ratio, such as tor is provided with ohmic characteristics. More specif- 

from SiO through SiON to Sii^A has been measured, as ically, a chromium electrode lAKa is first formed on the 

shown in FIG. 20. It will be appreciated here that, as insulating substrate 12K of a glass or the like by means 

will be clear from the graphical exhibition of FIGS. 19 5 of the electron beam evaporation, to be about 2,000 A 

and 20, the silicon oxynitride film having a nitrogen thick. Then, the n-type amorphous silicon thin film 

ratio set to be within a range showing the optimum WKl is formed as the single element semiconductor 

values of the residual stress and infrared absorptivity tWn film is formed on the electrode 14Ka, upon which 

coefHcient as the infrared absorbing film should opti- an n-type a-Si film with phosphorus P added by 

mumly be used. 10 PH3/SiH4:about 2% by means of the plasma CVD is 

Referring now to FIG. 21, there is shown the infrared laminated to an extent of causing no leak occurred by 

detecting element lOH in another embodiment accord- the chromium electrode l4Ka (normally more than 100 

ing to the present invention, in which the lower side A). On this n-type amorphous silicon thm fdm 14K1, 

electrode 14Hfl of chromium Cr or the like is formed on ^^e opposite conduction p-type amorphous silicon car- 

the substrate 12H, the p-type amorphous silicon layer 15 bide layer 14K2 is formed. In resizing a 

(single element semiconductor thin film) 14H1 is value of about I MH, a film of WSiI^^ 

formed on this electrode 14Hfl; p-type amorphous sili- 5p"","e^"^^^^t£/^.^T '^1^'^"]^ i 

con carbide layer (amorphous alloy simiconductor thin B2H6/SiH4.-0.25% is laminated to be about 1 ;xm. 

film) 14H2 is foimed' on the layer 14H1, and further , ^n this p-type amorphous silicon carbide thm film 

p-typeamorphoussiUconlayer(thesingleeIementsemi. ^0 14K2. the opposite conduction n-type amorphous si^i- 

conductor film) 14H3 is formed on the layer 14H2, so ^^^^ ^^^^ ^"f^ ^"^^^^ chromium electrode 

that the infrared detector 14H is formed with these ^^^^ T w-?>, "^n^^^^^^ 

1 ^Axy-i tjtzj'^ J tAxj^ -J 1 * J embodiments. With the thus formed infrared detector 

layers 14H1, 14H2 and 14H3. The upper side electrode • * ^ ^- ^ . « 

tATj ft. - VI • rHu -J J 14K, m contrast to an ordinary structure m which a 

14Hfl of chromium Cr or the like is further provided on . ! • i i i * u j / ^. ^ ♦ « 

*u * J * * -i^TT 25 barrier is likely to be caused to occur due to a difference 

the top of the detector 14H , . ^. ^ in the work function between both thin films at their 

Refemng more specifically to an example m which .^^^^^^ ^^^^^^^^ ^^^^ ^^^^er can be 

the detecting element lOH of the present embodiment, 'effectively reduced by the formation of both thin films 

th^hromium electrode Mftz is first formed to be about ^^^^ 3.^^ conduction type for causing a 

2,000 A on the substrate 12H ofsuch msulating material 3^ recombination current to flow between these fihns. 

as a glass by means of the electron beam evaporation. Referring here also to FIG. 34 showing the band 

Nextj the p-type amorphous silicon layer 14H1 of about diagram of the chromium electrode employed in com- 

300 A is formed by adding boron by B2lVSiH4:0.25% orison with the a-Si and a-SiC, it is assumed that both 

onto the lower side chromium electrode 14Hfl, then the ^.gi and a-SiC employed here are doped to be p-type, 

amorphous silicon carbide layer 14H2 of about 5,000 A 35 voltage level with respect to vacuum level is ob- 

and forming the amorphous alloy semiconductor thin xaiaQd for a-SiC with values analogyzed from an aspect 

film is laminated on the layer 14H1. In forming this of Crystal. From the drawing, it has been found that the 

amorphous silicon carbide layer 14H2, an a-SiC layer is p^^yp^ ^-Si and p-type SiC involve an energy difference 

formed by means of a capacitive coupling type plasma f^^^ the vacuum level to the valence band to be more 

CVD method, under such conditions that SilU is made 4^ ^j^^j, 2 eV. 

100 seem, B2H6 (0.5% H2 as the base) is 50 seem, CH4 is Referring also to FIG. 35, there is shown a band 

400 seem, gas pressure is 0.9 Torr, exhaust power is 20 structure in which the chromium electrode, p-type a-Si 

W, electrode separation is 25 mm, electrode size is film and p-type a-SiC film are connected, and in which 

30X 30 mm, and RF frequency is 13.56 MHz. Thereaf-r electric barrier of about 2,3 eV is occurring between 

ter. the p-type amorphous silicon layer 14H3 of 45 the p-type a-Si film and the p-type SiC film. At this 

B2H6/SiH4K).25% is formed to be about 300 A on the barrier, carriers, are likely to be depleted due to the 

layer 14H2, and finally the upper side chromium elec- energy difference with respect to the vacuum level, and 

trode 14Hfl is formed to be about 2,000 A by means of this portion functions as a capacitor, rather than as a 

the electron beam evaporation. resistor. 

The infrared detector 14H of the semiconductor films 50 In FIG. 39, there is shown a circuit equivalent to the 

according to the present embodiment shows such tem- arrangement of FIG. 24, and there is formed a state in 

perature characteristics as presented by a straight line L which variable capacitors C are connected in series 

in FIG. 38 and showing a high B constant of about with resistors R of the infrared detector. In FIG. 40, 

5,000, and the detector is of extremely excellent temper- there are shown respective band diagrams of chromium, 

ature characteristics as compared with conventional 55 a-Si and a-SiC with respect to the vacuum level, 

infrared detector the temperature characteristics of whereas FIG. 41 shows their band diagram in the state 

which are as shown by the other straight line M in FIG. where the three materials are brought into contact with 

38. each other. In this case, the carriers contributive to the 

In other embodiments of the present invention as transmission of n-type amorphous silicon are electrons, 
shown in FIGS. 22 and 23, a comb-teeth arrangement of 60 while the carriers contributive to the transmission of 
the electrodes is adopted. In FIG. 22, the upper side p-type amorphous silicon carbide are holes. Accord- 
electrode 14Ia is provided in the comb-teeth shape, ingly, as shown in FIG. 41, the electrons and holes are 
while in FIG. 23 the lower side electrode 14Jfl is formed recombined between the n-type amorphous silicon layer 
in the comb-teeth shape. With this arrangement of the and the p-type amorphous silicon carbide layer, and the 
electrodes, too, the same characteristics as the straight 65 recombination current is caused to flow. This recombi- 
line L shown in FIG. 38 can be attained. In this case, the nation current is not affected by any barrier occurring 
boron concentration is made to be B2H6/SiH4K).2S% between the n-type amorphous silicon layer and the 
(constant). p-type amorphous silicon carbide layer, as will be clear 
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from FIG. 41, and an excellent ohmic electrode can be posed, any heat generated in the infrared detecting 

provided. device can be effectively kept 

In short, the embodiment of FIG. 24 is to insert be- FIG. 47 shows a basic structure of another embodi- 

tween the amorphous alloy semiconductor and both mcnt according to the present invention, in which there 

side electrodes each of the single element semiconduc- 5 is involved a risk that any internal stress applied to the 

tors of mutually opposite conduction type, and it is infrared detecting element 100 may cause a warpage of 

made possible to reduce any barrier with respect to depth "d" as shown in FIG. 4« to arise, whereas a divi- 

Schottky barrier occurring between the amorphous sion of the element 100 into two parts, for example, as 

alloy semiconductor thin film and metallic resistor, and shown in FIG. 49 is effective to limit the warpage of the 

any influence of the barrier occurring at the thin film W element to be a depth d/2, and the warping can be, 

resistor can be reduced by the recombination current reduced to be half. In practice, as shown m FIGS. 50 

between the amorphous alloy semiconductor thin film and 51, the infrared absorbing film 140 is provided as 

and the single element semiconductor thin fihn. divided into four parts here, by means of partitionslits 

In FIG. 42, there is shown an I-V characteristic ^^Oe It is of course possible to divide the mfirared 

curve in an event where the p-type amorphous silicon absorbing film into more parts, for example, mto nme 
carbide thin film and, as the single element semiconduc- ^ '""^^ 

tor thin film of opposite conduction type, n-type amor- ^ 53, or to provide the partition shts 140e diago- 

phous siUcon thin fihn of PHySilLpl % are employed. "f^y ^ ^^J? ^'^^ ^^^'"^^^ ^ 

FIG. 43 further shows an I-V characteristic curve in _ ^ „ * ^ t w i^* 

the case where the amorphous silicon carbide thin film Jl^^' f ' t^^^re is shown the relationship b^^^^ 
and single element semiconductor thin film are of the ^^^^^ ^^^^^ '^^^^ 

same conduction type. As shown further in FIGS. 44 f }^ the events where the ^'^f?^'^^^^ 

AC i« ^aa;*;^^ ;/t?fr»c ^^a At divided into four parts, nine parts and sixteen parts. In 
and 45 m addition to FIGS. 42 ^d 43. the amngement ^ the relationship between the 

of the embodiment shown m FIG. 24 effectively re- . ' ^ . . . ^^^^ ciitc 

etroSne ti,* rs^^M^^^ i« ^^^f Ai^^^^^ iJf V ^5 uumber of division and the area of partition shts and 

strams the problems m respect of the distortion m I-V ^^^^^^^ ^^^^^ ^^.^^^ 

cl^actenstic and capacitance, m contrast to the case ^^^^^ embodiment according to the present in^ 

where both thm films are of the same conducUon type. ^^^^^^ ^ ^^^^ j„ pjQg 57 ^S. t^e infrared de- 

In another embodiment shown in FIG. 25 according ^^^^^ ^^^^ ^ ^^^^^^ respective comers, 

to the present mvention, buffer layers 141^ are respec- ^y^^^^y the heat insulation film can be prevented from 
tively disposed between the amorphous silicon carbide ^^e distortion and damage which have been likely to 
thin fihn 14L2 and both side single^lement semicon- ^^^^^ ^^^^ portions. In this connection, it is also 
ductor thin films 14L1 and 14L3. In this case, the buffer possible to provide, as shown in FIG. 59. the infrared 
layers 141^ can be formed m the same manner as the detector 14Q to have a circular periphery. In these cases 
single-element semiconductor thin films 14L1 and 35 FIGS. 57 and 58 and of FIG. 59, the cavity in the 
14L3. Other constituents and functions are the same as substrate 12P or 12Q should preferably be made to have 
those in the embodiment of FIG. 24 (see also FIG. 37). rounded comers or to be circular as shown by broken 

In the respective embodiments shown in FIGS. 21 to b in the drawings. 

27, the same constituents as those in tiie embodiment of !„ another embodiment shown in FIGS. 60 and 61 of 
FIGS. 1 to 3 are denoted by the same reference numer- 40 the type where the infrared detector is di^ded into 
als as those used in FIGS. 1 to 3 but with a suffix "H", at least two of the divided parts of the detector 

"r*, "J", "K", "L" or "M" added, and other constitu- 14R are disposed on the thinner part 12R* (or tiic heat 
ents than those described in the above are substantially insulation film 13R) to be on each cavity IIR provided 
the same as those in the embodiment of FIGS. 1 to 3, in the substrate 12R. In FIG. 62, an equivalent circuit of 
witii tiie same functions made thereby attainable. 45 this embodiment is shown, and FIG. 63 shows schemati- 

FIGS, 28 to 45 are diagrams added for ready under- cally the entire structure of the infrared detecting de- 
standing of the respective embodiments of FIGS. 21 to vice coupled to the hermetically sealed chamber 18R 
27, and contents of these diagrams should be self- with the infrared detector 14R disposed in the interior 
explanatory from their terminological indications given space of the chamber 18R. With such simpler arrange- 
therein. In this case, FIG. 28 shows in particular the 50 ment, in particular, the infrared detecting device which 
relationship between CH4/SiH4 ratio (flow rate ratio is not influenced by external, ambient conditions and is 
being less than 6) and the carbon concentration in the high in the sensitivity to the infrared can be realized, 
process of forming the amorphous alloy semiconductor in the respective embodiments shown in FIG. 47, 
thin film, as a result of measurements obtained through FIGS. 50 and 51, FIGS. 57 and 58, FIG. 59 and FIGS, 
an Auger analysis. Further, FIG. 37 is a band diagram 55 60 and 61, the same constituents as those in the forego- 
in the case where a buffer layer is employed for the ing embodiment of FIGS. 1 to 3 are denoted by the 
purpose of sequentially varying the composition ratio same reference numerals as those used in FIGS. 1 to 3, 
from the amorphous silicon carbide thin film to the but with a suffix "O", "P", "Q" or "R" added, and all 
amorphous silicon thin film, wherein, as will be clear other arrangements than those described in the above 
from the drawing, no barrier is involved between these 60 are substantially the samt as those described, to attain 
thin films and this arrangement is capable of remarkably the same functions. 

improving the thermistor characteristics. In a further embodiment shown in FIG. 64 according 

In another embodiment shown in FIG. 46, the ther- to the present invention, the thermally infrared absorb- 
mally infrared absorbing part is formed by a sequential ing film 13S provided on the substrate 12S having the 
lamination of silicon nitride film 12Nft silicon oxide film 65 cavity IIS is formed with a multilayered structure of 
12N6 and silicon nitride film 12Nc and interposed be- laminated fihns of silicon oxide and silicon nitride. On 
tween the substrate 12N and the infixed detector 14N. this heat insulation film 13S, the infrared detector 14S is 
With this lamination of the films 12Na to 12Nc inter- formed in the sandwich structure of holding the amor- 
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pbous silicon carbide layer 14S2 between the lower and 2. The device according to claim 1, wherein the her- 

upper amorphous silicon layers 14S1 and 14S3 of the metically sealed casing is charged with gaseous matter 

single-dement semiconductor thin films. If required, the other than air and having a low thermal conducttvrty. 

infrared detector 14S is covered with a protective layer . 3- The device according .» claim 1^ where in the 

30S. The ohmic electrodes 14&7 and 14S* of chromium 5 «ntenor space of the hermetically sealed casing is m a 

_ _ , . , , . , , 1 vacuumed stsite. 

Cr, for e^cample are provided respecuvely between the ^ ^^^^^ ^1^^ j^^^^. 

heat insulation film 13S and the infrared detector 14S ^^^^^^^^ j^^j^^^^ ^ thennistor and means covering 

and on the top of the detector 14S. In this case, the thermistor for absorbing infrared light, said infrared 

respective constituents of the infrared detector 14S are jq absorbing means consisting essentially of silicon oxyni- 

formed through the same steps and in the same thick- ^Yide. 

ness or the like dimension as those adopted in any one of 5. An infrared detecting element comprising a sub- 

the foregoing embodiments. * strate having therein a cavity, a heat insulation film 

In addition, in the present instance of FIG, 64, any provided on the substrate, and an infrared detector 
leak current likely to occur between the amorphous 15 provided on the heat insulation film at a position corre- 
silicon carbide layer 14S2 and both side ohmic elec- spending to the cavity in the substrate, said infrared 
trodes 14Sa and lASb is attempted to be reduced by, for detector including a thermistor, a set of electrodes con- 
example, omitting both end parts of the upper side nected to the thermistor, and a covering infrared ab- 
amorphous sUicon layer 14S3. whereby any noise sorbing film provided on the thermistor and consisting 
caused by the leak currem can be sufficiently prevented 20 essentially of sihcon oxymtnde. ^. ^ ^ . . 

J ^ 11 *!. J * * " •* u «u« 6. The element according to claim 5, wherem the 

and eventually the detecting sensitivity can be effec- ^^^^^^^^ ^^^^^^ amorphous silicon carbide. 

tiveiy improved. ^ element according to claim 5, wherein the 

In the embodiment of FIG. 64, the same constituents .^^^^^^ detector is rounded at comer parts, 

as those in the embodiment of FIGS. 1 to 3 are denoted ^5 g. The element according to claim 5, wherein the 

by the same reference numerals as those used in FIGS. covering infrared absorbing film is divided by partition 

1 to 3 but with a suffix **S" added, and any other constit- ^^xs. 

uents than those above described are substantially the 9. The element according to claim 5, wherein the 
same as corresponding ones in FIGS. 1 to 3 and attain infrared detector is divided into parts, at least two of the 
the same functions. 30 divided parts are provided on the heat insulation film at 
What is claimed is: a position corresponding to the cavity in the substrate. 
1. An infrared detecting device comprising a hermeti- 10. A thermistor comprising an amorphous aUoy 
cally sealed casing and an infrared detecting element semiconductor thin film, and a pair of upper and lower 
accommodated in said casing, single element semiconductor thin fUms holding be- 
wherein the infrared detecting element comprises a 35 tween them said amorphous alloy semiconductor thin 

substrate having a cavity defmed therein, a heat * m 

J i_ ^ . ' c 11. The thermistor according to claim 10, wherem 

insulation fihn provided on the substrate, an mfm. J ^^^^^^^ semiconductor thin films are of a 

red detector provided on the heat msulation film to ^^^^^ to the amorphous alloy semi- 

be disposed between intenor space.of the casing ^ conductor thin film. 

and the cavity in the substrate, and means for com- The thennistor according to claim 10, wherein a 

municating interior space of the cavity defmed in ^^f^^^. j^yg^. provided between said amorphous alloy 

the substrate with the interior space of the casing, semiconductor thin film and said upper and lower single 

said communicating means being provided for element semiconductor thin films, 
maintaining a pressure difference between the inte- 45 13. The thermistor according to claim 10, wherein 

rior space of the cavity in the substrate and the said upper side single element semiconductor thin film is 

interior space of the casing to be less than a prede- omitted at both side portions, 
termined value. * * » ♦ ♦ 
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